We generated a 42,000-year record of TEX 86 (TEX Ｌ ８６ and TEX Ｈ ８６ ) from core MD98-2195 15 to better understand changes in the hydrology of the East China Sea (ECS) in the last glacial 16 period. The TEX 86 -derived temperature showed an intense cooling in the last glacial period, 17 whereas U Ｋ' ３７ -derived spring sea surface temperature (SST) and foraminiferal Mg/Ca-derived 18 summer SST showed a much smaller-scale cooling. The difference between the TEX 86 -and 19 Mg/Ca-derived temperatures was around 14°C from 19 to 16 ka and abruptly decreased to 20 around 5°C from 16 to 13 ka. This suggests a strong winter cooling of the surface water 21 during the last glacial period. TEX 86 -, U Ｋ' ３７ -, and Mg/Ca-derived temperatures were lowest at 22 18 to 17 ka, implying that the formation of cold water was maximized during that period.
Introduction

30
The East China Sea (ECS) is a marginal sea bounded by the Asian continent on its west, the isocratic with 99% hexane and 1% 2-propanol for the first 5 min followed by a linear gradient 142 to 1.8% 2-propanol over 45 min. Detection was achieved using atmospheric pressure, positive 143 ion chemical ionization-MS (APCI-MS). The spectrometer was run in full scan mode (m/z 144 500−1500). Compounds were identified by comparing mass spectra and retention times with 145 those of GDGT standards (obtained from the main phospholipids of Thermoplasma 146 acidophilum via acid hydrolysis) and those in the literature (Hopmans et al., 2000) . 147 Quantification was achieved by integrating the summed peak areas in the (M+H) + and the 148 isotopic (M+H+1) + chromatograms. TEX 86 and TEX Ｈ ８６ (applicable to warm water) were 149 calculated from the concentrations of GDGT-1, GDGT-2, GDGT-3 and a regioisomer of 150 crenarchaeol using the following expressions (Schouten et al., 2002; Kim et al., 2010) : 
Results
170
The temperatures calculated from TEX Ｈ ８６ were a maximum of 3°C lower than those from 171 TEX Ｌ ８６ ( Fig. 4) . Kim et al. (2010) 
176
-derived temperatures exceeded 15°C at 11.5 ka, we use TEX Ｌ ８６ from 42 ka to 11.5 ka and 177 TEX Ｈ ８６ after 11.5 ka for further discussion in this study.
178
The TEX 86 -derived temperature fluctuated around 15°C from 42 to 27 ka, decreased to 9°C 179 from 27 to 18 ka, increased to 18°C from 18 to 13 ka, and gradually increased to 22°C from 180 -8 -13 ka to the present (Fig. 4) . The TEX Ｈ ８６ -and TEX Ｌ ８６ -based temperatures at the core-top 181 sample (surface sediment, 0-1 cm) of core PL-1 are 22.6°C and 22.8°C, respectively. These 182 temperatures agreed with mean annual SST (22.4°C; Japan Oceanographic Data Center; 183 available at http://www.jodc.go.jp/index.html), the SSTs in May and November or the 184 temperature from June to November at depths of 50-70 m (Fig. 2) . temperatures. This concern is, however, not relevant for the samples used in this study. BIT LGM, a 3°C difference ( Fig. 4 ).
203
The Mg/Ca-derived temperature is assumed to indicate SST from May to August, based on Okinawa Trough suggests the influence of the YACCW/CDW at the study site ( Fig. 1b and   253 c). In the modern summer at a depth of 50 m, the cold and relatively less saline YSCCW 254 spreads over the continental shelf of the YS and the ECS (Fig. 1b) . This water mass forms in 255 the YS as a result of winter cooling and reaches the northern Okinawa Trough by advection, 256 where it exists from spring until fall (Ichikawa and Beardsley, 2002; Zhang et al., 2008) .
257
Because the summer thermocline temperature is linked to winter SST, it is also a consequence 258 -11 -of winter cooling. Although it is not clear whether TEX 86 reflects the mean annual SST or the 259 summer thermocline temperature, TEX 86 likely responds to the surface cooling of the YS 260 and/or the ECS by the East Asian winter monsoon.
261
The difference between the TEX 86 -and Mg/Ca-derived temperatures was around 14°C 262 from 19 to 16 ka and abruptly decreased to around 5°C from 16 to 13 ka (Fig. 4) . In the case 263 that TEX 86 reflects the summer thermocline temperature, this change suggests that the 264 summer thermocline was more developed in the last glacial period than in the Holocene. A In the case that TEX 86 reflects SST, it is suggested that the seasonal difference in SST was 268 larger in the last glacial period than in the Holocene. A large seasonal SST difference (ca. In the last glacial period, the continental shelf of the present ECS was largely exposed due ３７ , and planktonic foraminiferal Mg/Ca data showed similar variation in 284 -12 -estimated temperature for the study site (Fig. 4) , despite differences in the amplitudes of 285 variation. The temperatures gradually decreased from 42 to 18 ka, were lowest at 18 to 17 ka, 286 and abruptly increased from 17 to 13 ka, centered at 14.5 ka (Fig. 4) . This pattern was also 287 common in the central Okinawa Trough (Li et al., 2001; Zhao et al., 2005; Sun et al., 2005; 288 Zhou et al., 2007; Chang et al., 2008; Chen et al., 2010) . At the study site, winter SST and the 289 summer temperature at the thermocline are governed by the mixing of the cold shelf water In contrast to the South China Sea, the TEX 86 record from the study site did not show a 309 significant cooling in the Younger Dryas period. The formation of cold water in winter is 310 -13 -generally more active in shallow shelf areas than in deeper areas. The source area of the 311 cooled water shifted westward far from the study site due to marine transgression during the 312 Younger Dryas period and the TEX 86 -derived temperature became insensitive to changes in 313 the intensity of the East Asian winter monsoon. The Younger Dryas cooling thus did not 314 decrease TEX 86 significantly in the study site. The formation of cold water gradually 315 intensified from 42 to 18 ka due to both a low sea level stand and a stronger winter monsoon, 316 maximized at 18 to 17 ka, abruptly weakened from 17 to 13 ka due to a marine transgression, 317 and then gradually weakened afterwards. Therefore, we suggest that the formation of cold 318 water in the northern Okinawa Trough was regulated by a combination of the intensity of the 319 Kuroshio, the intensity of the East Asian winter monsoon and the proximity of the coast. The northern Okinawa Trough is the source region of the Tsushima Warm Current that 323 flows in the Sea of Japan (Fig. 1b and c) . The Sea of Japan was semi-isolated, well stratified 324 and anoxic from 24 to 18 ka, resulting in the deposition of a thick dark layer (Oba et al., 325 1991; Tada et al., 1999) . Oba et al. (1991) suggested that Huanghe (Yellow River) flowed 326 into the Sea of Japan, forming less saline surface water. Tada et al. (1999) assumed that the 327 freshwater inputs of the Changjiang and Huanghe rivers formed less saline water in the 328 paleo-ECS that flowed into the Sea of Japan. 
